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ABSTRACT
Geologists have long appreciated the value of field trips.
Likewise, the National Science Education Standards rec-
ommend them for K-8 science curriculum. Yet, few teach-
ers avail themselves of quality field opportunities close to
home. We presented summer institutes for urban teachers
in Milwaukee that centered on several Lake Michigan
beaches within the bounds of their school district. Field
and laboratory activities were developed in the context of
the geology of southeastern Wisconsin. As an example ac-
tivity, we compared the sand from four different beaches
for grain size, magnetite content, as well as fossil and
modern Zebra Mussel shells. The different beaches show
different characteristics that were related to their location
and origin. We encouraged the good field trip teaching
practices of “Teaming-Up,” reducing novelty space, and
pre- and post-field trip activities. The teachers shared les-
son plans and developed action plans for implementing
the changes in their curriculum.
We determined that the teachers in these three-week
workshops increased their personal belief in their ability
to teach earth science more effectively. They felt more
comfortable with content material and found that action
plans were an effective way to enact change regarding
field trips in their curriculum and in their schools.
Key words: Education- geoscience; education-pre-college;
education-teacher-education; field trips, field study.
INTRODUCTION
This project originated from the two-fold desire to share
our enthusiasm for field geology as well as our basic un-
derstanding that working with one’s own data brings an
investment to learning that encourages engagement and
constructivism. Field trips are recognized as an important
means of enhancing curriculum because they provide
concrete examples of material discussed in the classroom
and provide hands-on activities that cannot be presented
anywhere else. The importance of field trips is clearly
voiced in the National Science Education Teaching Stan-
dards (National Research Council 1996). Specifically,
“Schools must structure schedules so that teachers can use
blocks of time, interdisciplinary strategies, and field expe-
riences to give students many opportunities to engage in
serious scientific investigation as an integral part of sci-
ence learning” In addition, the same
standards recommend more emphasis be placed on
“Learning science through investigation and inquiry” (p.
44). Nonetheless many teachers avoid running field trips
for many of the reasons cited by Mason (1980) and Ander-
son (1980) as summarized in Table 1. Our goal was to help
remove some of the barriers to effective field trips by pro-
viding hands-on field experiences using the very active
earth system of the Lake Michigan shorelin near Milwau-
kee, Wisonsin.
PROJECT DESCRIPTION
This project is a cooperative venture between the Center
for Mathematics and Science Education Research
(CMSER) in the School of Education, and the Department
of Geosciences, in the College of Letters and Sciences, both
at the University of Wisconsin - Milwaukee. It is designed
to promote the effective use of field trips in K-8 earth sci-
ence classes in the Milwaukee Public Schools. We pro-
vided in-service teachers with basic geologic concepts, the
skills necessary to convey these concepts to their students
in the field, familiarity with local sites for field trips, and
action planning to assist in implementation. We also de-
veloped an instructional video showing the lake shore
through the year (Kean and Gray, 1999), and have pre-
pared a web-based virtual field trip (Berg et al., 2000) to
the beaches which allows “visits ” to the field sites either
before or after the actual field trip. Obviously, some of the
concerns noted by Mason (1980) and Anderson (1980) that
discourage field trips, “red tape” and budget problems,
can only be addressed at the school district level.
We worked with a different group of twenty teachers
each summer for three summers. The groups were di-
vided primarily by grade levels; K-3, 3-5, and 6-8. Upon
completing the summer institute, each participating
teacher was expected to take at least two field trips with
their students and utilize the activities and strategies pre-
sented in the institute. This was stipulated in the applica-
tion and agreed to by the participating school principals.
In selecting applicants, we gave preference to teams of
teachers from the same school. We also required one fol-
low-up day in the fall and one in the spring. This provided
feedback and support for the groups for at least one year.
The result of this collaboration between teachers and col-
lege personnel produced a network to help disseminate
information about field experiences. The collaboration
was by email, web resources, and as small groups during
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the institutes. Professional networks are considered an ef-
fective strategy for enhancing the professional learning of
teachers (Loucks-Horsley et al., 1998).
The entire program centered on field experiences
available along the Lake Michigan shoreline, at locations
with public access including access for the handicapped
and disabled. The classroom work took place in the
Geosciences Department, which is less than 1 mile from
the lakefront. Generally, field days were alternated with
classroom days. This provided opportunities to develop
questions, present more background information as
needed, and present pedagogy on field trips as a form of
“hands-on” science.
PEDAGOGY
The workshop started with a brief overview of the entire
project, followed by a trip to three of the beaches that we
would study. On this trip, we allowed and encouraged the
teachers to observe and explore, thus providing them with
a common experience that they could draw upon during
the classroom instructional presentations and future trips.
Orion (1989) drawing on the work of Falk (1983), sug-
gested that the more familiar the students are with a field
site, the more likely they would make good observations,
and collect pertinent data. Orion (1989) refers to this pro-
cess as the “reduction of novelty space”. Our solution to
developing familiarity was to allow time for exploring,
and to return to the same beaches several times during the
workshop, as well as during the follow-up sessions in the
fall and spring.
A cooperative learning strategy known as
“Teaming-Up” (Jones, 1990) was used throughout the in-
stitute. Training the teachers with this strategy served as a
model for the teams their students would later form. As a
variation on group work, students are assigned to groups
for classroom and field experiences. Each student in the
group is assigned a task such as equipment manager, note
taker, or project director. This helped to keep all students
engaged and allowed the trip leaders to respond effec-
tively to group questions. We were fortunate to have expe-
rienced science teachers acting as field assistants. Because
of this, every group was assisted by an experienced men-
tor with as they collected data and samples. Figure 1
shows a groups of teachers collecting data with a mentor
teacher.
Planning for field trips is perhaps the most critical
concern for most teachers. We therefore spent consider-
able time on describing the pre-field trip activities, on-site
activities, and post-field trip activities. Other issues con-
Kean and Enochs - Urban Field Geology For K-8 Teachers 359
Mason (1980) Anderson (1980)
• Lack of planning time. • Teachers feel pressure to cover a certain amount of
content and thus feel that field trips represent “lost”
time.
• Lack of resource people for assistance. • Field trips tend to be isolated events, making them
difficult to tie to curricular goals.
• Failure of schools to assume trip risk. • Teachers are concerned about safety and dangerous
environments that are sometimes associated with
field trips.
• Places additional demands on the skills and energy of
teachers.
• Teachers are concerned about how much teaching is
required in connection with the field trip.
• Restrictions placed on fieldwork because of school
regulations.
• Teachers are concerned with discipline and manage-
ment of field trip activities.
• Lack of pre-service preparation in the needed skills,
methodology, planning, and evaluation of student
learning in the field.
• Teachers are concerned that students often view
field trips as escapes from learning rather than learn-
ing events.
• Lack of funding.
• Limited available transportation.
• Too much “red tape”.
• Excessively large classes.
• Lack of teacher commitment.
Table 1. Lists of reasons for not taking field trips as noted by Mason (1980) and Anderson (1980).
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sidered included curriculum connections, safety, equip-
ment, team reports and evaluation. We also included
discussions of current literature about effective field trips.
Finally, we presented the Action Planning model devel-
oped by Shroyer and Enochs (1987). This is a planning
method to assist the teachers in implementing curricular
changes within their specific schools. For this institute we
wanted the teachers to integrate more and better field trips
into their curricula. By the end of the institute, each
teacher developed an action plan specific to their school
and personal capabilities. The plan included specific sites
to be used and dates for field trips.
GEOLOGY
We wanted the geology-earth science content to be site
specific, with opportunities for additional open-ended
learning. We started with an overview of the geology of
Southeastern Wisconsin, which primarily includes the Pa-
leozoic and Quaternary geologic record. Quaternary and
Recent deposits are most prominent along the shoreline,
and were the focus of the field experiences. A report by
Kean and Webster (1996) formed the basis for the discus-
sion, along with standard texts on the geology of Wiscon-
sin (Paull and Paull, 1977, Schultz, 1989, LeBerge, 1994)
Field techniques are critical to effective field geology.
The techniques listed below were first presented in the
classroom to insure familiarity, and most were then ap-
plied in the field. They included the following:
• Developing a beach profile using simple levels and
measuring tapes
• Elementary sieve analysis
• Basic rock identification.
• Use of a compass
• General map reading (topographic maps, cross sec-
tions, geologic maps)
• Use of thermometers and psycrometers (for weather
measurements at the beach)
• Use of pace and compass mapping to locate specific
spots on the beach.
We realized that some projects conducted at the
shoreline would not be appropriate for all grade levels.
However, geologic studies associated with an active
shoreline lend themselves to activities that can readily be
adapted to different age groups. Below are examples of
field projects assigned to groups at the four beaches, and
the background material used to justify the activity. Each
of these activities addresses some aspect of the National
Science Education Standards, as noted in Table 2, which
we pointed out to the teachers as we worked through the
activities.
The major project was to compare the sand material
from the different beaches along Lake Michigan near Mil-
waukee. These beaches are either natural, composed of
sand washed from the tills, or artificially built on landfill
material. At some beaches fossils can be found, others are
rich in Zebra Mussel shells, and one beach has a high con-
centration of magnetite in the sand. A fourth beach has al-
most no sand because it is made of dolomite chips from
the Milwaukee Deep Tunnel Project. The Milwaukee Met-
ropolitan Sewerage District developed a series of deep
tunnels in the dolomite bedrock, 300 feet below the sur-
face, to hold storm run-off water that entered the com-
bined sewer system after high rain events. These tunnels
provided great volumes of rock that were used exten-
sively along the lakefront for rip-rap and fill.
The teachers also mapped shoreline profiles, and
evaluated the types of bluff material at several locations.
These profiles were compared with those measured in
1989 by the Southeastern Wisconsin Regional Planning
Commission (SWRPC, 1989). This activity provided a his-
toric perspective on the stability of bluff material, changes
in the lake water level, as well as a study in lateral continu-
ity of the glacial till units.
Weather systems have a great effect on the shape of
the Lake Michigan shoreline. The teachers observed and
recorded sediment buildup along groins at a number of
shoreline parks. The groins provide sediment traps for
sand moving in the littoral zone. The buildup changes
with local storm centers, wind direction, and wave height.
Collecting rock samples from the different beaches was a
favorite activity for the teachers. Several of the beaches are
dominated by igneous and metamorphic rocks eroded
from the till. One beach has only dolostone. Many of the
participants significantly enhanced their classroom rock
collection with this project.
Most of the teachers had heard about the invasion of
Zebra Mussels in the Great Lakes, but few had ever seen
them. The teachers discovered there was a non-uniform
distribution of the shells along the shoreline, tending to
correlate with human activity. The highest concentration
was found near the Milwaukee harbor. We used these
shells to determine a population distribution of shells,
based on length and width characteristics (Drummond,
2000). The teachers collected about 100 shells, which we
cleaned in bleach. The length and width of each shell was
measured and the results were cross-plotted against each
Figure 1: Teachers working on a Lake Michigan beach
near Milwaukee.
other, producing a characteristic aspect ratio (length di-
vided by width) for juvenile and adult members.
The shoreline also provides opportunities for meteo-
rological observations. The air and water temperature can
change dramatically with a shift in the wind. The teachers
used thermometers, sling psychometers, and compasses
in this activity.
After the field tasks were completed at a particular
beach, teams compiled data for comparison to other loca-
tions. Both field notes and hand samples were reviewed
and analyzed in the classroom. Critical to the team report
was an evaluation of what data they did not collect but
now would be useful, as well as data were they uncertain
about and might want to recollect.
DISCUSSION ON FIELD ACTIVITIES
These projects might be considered fundamental or even
simplistic. However, very few K-8 teachers have any for-
mal background in earth science, and even fewer have ex-
perienced an investigative, hands-on approach to science.
Each of the tasks listed above required field observations,
use of field and laboratory equipment, development of
hypotheses, or a search for solutions. In addition, each of
these tasks produced a multitude of questions that could
have been presented in lecture form, but ended up being
points of inquiry. For example, teachers soon realized that
at some beaches igneous and metamorphic cobbles could
be found in great quantities, although the local bedrock
was sedimentary rock. Since most of the teachers were
originally from Wisconsin, a state with a great glacial his-
tory, someone would suggest that glaciers transported
them, which was correct. This opened the door to ques-
tions about what do igneous rocks tell us about the local
geologic past, and how far north would one need to travel
to find active or (in Wisconsin’s case) ancient volcanic ter-
rains. From this developed questions about Wisconsin’s
geologic history and about geologic maps.
A second example of an open ended question that re-
sulted from observations at the beaches relates to the dis-
tribution of magnetic sand found at one beach but is not at
the others. We hypothesized that it is related to small
streams that drain through the glacial till and deliver it to
the shoreline to be dispersed along the shore by wave ac-
tion. Although further research is needed to fully resolve
the issue, it was revealing to the teachers that there are
simple questions that have not been fully answered. This
somewhat detailed discussion of sand generated more
than an hour-long class discussion about the origin of
sand, and what the mineral content of sand can say about
the local geology. At the request of one group of teachers,
we spent part of a class looking at sands from around the
world supplied from the vacation collections of various
teachers.
DISSEMINATION OF MATERIALS
As part of the institute, teams worked on lesson plans
aligned with state and national standards appropriate for
their grade level. These were compiled and distributed to
all teachers. Also, each teacher or school team was re-
quired to develop an action plan for their specific school.
This plan would address the problems they would face in
carrying out future field trips.
EDUCATIONAL RESEARCH METHODOLOGY
Although anecdotal evidence strongly supported our feel-
ing that this project was a success, a standard educational
evaluation protocol was used to quantify the effectiveness
of the program. We will briefly present the methodology
and the results of our first summer class. Full details can
be found elsewhere (Enochs and Kean, 1999). We devel-
oped a study specific satisfaction questionnaire. We did an
end of the program analysis of how the teachers perceived
the learning environments in their science classes, using
the Constructivist Learning Environment Scale (CLES) of
Taylor et al. (1994). We also did a pre-test post-test analysis
of the participants’ beliefs about their ability to effectively
teach earth science and their students’ abilities to learn it
using the Science Teacher Efficacy Beliefs Instrument
(STEBI) of Riggs and Enochs (1990). Field trip observa-
tions were also gathered, and the action plans were re-
viewed.
The first summer class consisted of 21 elementary
teachers, primarily from the Milwaukee Public Schools.
Their teaching experience varied from zero to twenty-five
years with a mean of 8.2 years. The participants’ number
of college science courses varied from zero to fifteen, with
a mean of 3.4 courses.
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Activity K-4 Content Standard 5-8 Content Standard
Sand Studies, Sieving, Magnetic
Properties, Fossil content
Properties of Earth materials (ES) Structure of Earth systems, Earth history (ES)
Rock Identification Properties of Earth materials (ES) Structure of Earth systems (ES)
Geologic Maps Changes in Earth and sky (ES) Earth history (ES)
Weather Measurements Changes in Earth and sky (ES) Structure of earth systems (ES)
Zebra Mussel Shell Study Organisms and evolution (LS) Populations and ecosystems, Diversity and
adaptation of organisms (LS)
Table 2. ES indicates earth science content standard, LS indicates life science content standard from National
Research Council (1996).
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RESULTS FROM THE EVALUATIONS
The participants’ scores for the CLES (Taylor et al. 1994)
indicate that many of them were not depicting science as a
discipline with uncertainties or unknowns. Furthermore,
they were consistently low on sharing control in the class-
room; that is, they tended not to allow student questions
and needs to alter their plans. These findings are not unex-
pected. Many teachers do not fully understand the nature
of science and often do not wish to share control of their
classrooms. We view this as a fault with the way science is
taught in most introductory college classes. The highest
scores were in the areas of negotiated learning and critical
voice. Negotiated learning refers to allowing students to
discuss what and how they want to learn. Critical voice re-
fers to allowing students to not only voice criticisms, but
respond to them. This may reflect the common view these
teachers have concerning cooperative learning, and a will-
ingness to have students share knowledge.
The pretest, posttest mean scores and standard devia-
tions for the STEBI (Riggs and Enochs, 1990) are given in
Table 3. Because of the small sample size, the Wilcoxon
Matched-Pairs Test was also used, but those results are re-
ported elsewhere (Enochs and Kean, 1999). There were
significant differences in both the teachers’ beliefs about
their abilities to teach earth science and in their students’
abilities to learn it following the three-week training. It ap-
pears that the activities positively influenced the teachers’
beliefs, and that their views on teaching earth science ac-
tivities will enable them to effectively conduct field trips.
Based on the STEBI (Riggs and Enochs,1990), there were
significant differences in both the teachers’ beliefs about
their abilities to teach earth science and in their students’
abilities to learn it following the three-week training. It ap-
pears that the activities positively influenced the teachers’
beliefs, and that their views on teaching earth science ac-
tivities will enable them to effectively conduct field trips.
We reviewed the teachers’ action plans for the follow-
ing factors that influence school change (Shroyer and
Enochs, 1987):
1. Background and assessment of the teacher’s current
professional assignment;
2. Organizational context of the teacher’s school setting;
3. Analysis of the proposed change or innovation; and
4. Implementation of the plan.
The results of this part of the study indicate that teach-
ers viewed action planning as a valuable tool in imple-
menting an activity. Some viewed action planning as the
“key” to their success in implementing the proposed field
trips. Prior to observing the participants’ field trips, we
studied the action plan relating to that trip. We asked the
teacher how she/he used the plan. For example, one
teacher stated that the plan gave him a framework to fall
back on when the time came for implementation. He said
that his activities and lesson plans were all ready to go. It
was also helpful to know what to do for a field trip before
taking his students on one. He went on to say that he used
the plan to outline what he wanted to do and how to think
about the field trips.
While belief measurements and plans can be impor-
tant predictors of subsequent action, it is far more valuable
to note how teachers’ actual behavior changed because of
the program. Of the twenty-one teachers involved in the
program, eighteen actually took field trips with their
classes after the institute. Those that did not take field trips
cited lack of time, too busy on other school activities, or
lack of school support as their reason. The activities of the
summer program were evident in all cases where the
teachers took trips. We accompanied many of the classes
on their trips as invited guests. We were pleased to find
that all the field trips used teaming up, hands-on activities,
and at least one science activity taught in the program
(sieving, measuring wind direction, zebra mussel identifi-
cation, and water temperature measurement).
SUMMARY
The teachers who participated in this project learned more
about local field trip locations, and how to use field trips
effectively to enhance their current curriculum. The sum-
mer institutes also went a long way toward removing
many of the barriers that Mason (1980) and Anderson
(1980) indicated. Although not every teacher was able to
take trips to the shoreline, many found parks, ponds,
streams and lakes near their school that provided them
with new resources.
The teachers began to realize that the earth sciences
could provide an avenue to introduce many typical physi-
cal science concepts as well (e.g., properties of water, mea-
surement, physical properties of matter). The teachers also
enjoyed learning earth science concepts in the same way
that attracts most professionals in the field. A number of
the teachers asked for additional courses in related areas
to provide them with more content than could be pro-
vided in three weeks.
Although not every city is located on the Great Lakes,
there is some earth system near everyone that could be
used to add content-rich field experiences for students to
enhance the new curriculums that are being developed to
address the National Science Education Standards.
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The combination of fragile environments and
dense population has produced many
problems that are growing in number and
becoming more severe every year. Domestic
and industrial use of the coast tends to
produce considerable unnatural alterations
that have long-term deleterious effects.
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